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SUMMARY 

A preliminary  inve8tigaticm v m  d e  in the Langley high-speed 
7- by 10-foot  tunnel  to  determine  the  high-subsonic  aerodynamic  cham%- 
teristic8 of three  different  types of flw-boat hull: namely, a 
planing-tail bull ,  8 blm-ded hull, and an airfoil-forebody s w e p t  hull. 
For  coarparative purposes a body of revolution represenhtive of the 
fuselage ofma modern high-speed airplane w a ~  also included. All the 
hul l  and fuselage data  presented include the  forces and moments of a 
thin whg mept back 51.3O at  the lea- edge. The models were 
tested  as  reflection-plane half-mdels on the side w a l l  of t he  tunnel. 
Mach nunlers ranged from 0.48 to 0 .%. " 

The  results  of  the  investigation,  which are considered  quEtlftative, 
showed agreelnent 88 to  relative  hull  efficiency  with previoualy reported 
Idw-speed investigatione  of larger-scale models. The drag-coefficient 
variation  and  pitching-moment-coefficient  variation  with  Mach lluniber 
for the hu l l s  and wing w e r e  similar to those of the fuselage and wing; 
thus,  the problem of designing a high-speed  seaplane wlll probably be 
very little  differant aeroaynamically from  that of t he  landplane. 

Because of the requirements for increased range and speed in flying 
bwts, an investigation of the  aerodynamic  characteristics of flying- 
boat  hulls as affected. by hu l l  Umensions and hull ahape ie being 
conducted at the Ungleg Aeronautical  Iaboratorr. The results of several 
phases of this investistion  at low speed a r e  given in references 1 to 4. 

. The corntenplated desi- of hi&-speed seaplanes has resulted  in an 
extension of the inves-tigation to high-acbeonic  Bkch numbere. The high- 
speed  aerodynamic  characteristics  of a high-length-beepratio  hull  derived 
from reference 1 have been presanted  in  reference 5. . 
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The  present  investigation waa made to  determine  the  high-subsonic 
aeroiiynmic  characteristics of two  of  the  most-promfsing of the hul l s  
of  the low-speed investigations: a planing-tail  hull  (reference 2), 
and an airfoil-f orebody swept-hull (reference 4) A hull blended into 
the wing with generous fairing,  which w i l l  be refemed.  to as the "blended 
hull," a l m i l a r  to a hull developed'by the Comolidated V u l W  Aircraft 
Corporation was also tested In order to make a more complete  coaerage 
of possible hull tnes for high-speed water-based aircraft. For compar- 
ison purpome,, a body of revolution  representative  of the fuselage of a 
modern  high-speed airplane was inc.luded. All the hull and fuselage datg 
presented  include  the  forces and- moments of a thin wlng swept  back 51.3 
at the leading edge. The modele were reflectiF-plqe half-models teeted 
on the  side wall of the tunnel; these data are  considered  qualitative. 

SYMBOLS 

The  results  of the te&e are presented as standard NACA coefficients 
of f orces and momnts. Pitching-momen.t"coeffFcienta are  given  about  the 
location ( w i n g  25 percent M.A.C.) e h m  In  figures 1 to 5. 

The data are referred to the uind &xes which are a eystem of axes 
having the origin  at  the  center of moments shown in figures 1 to 5 .  The 
X-axis 1s in the  plane of symmetry of the model and '18 p a r a l l e l  to  the 
tunnel  free-stream air f l o w .  The Z-ax le is in the plane of symmstry of 
the model and is perpenAicular  to the X-ax i s ;  the Y - a x i s  ia mutually 
perpendicular to tha X-axi-s"and Zaxie. Ths  positive dimctions of  the 
wind axes are shcwn in figure 6. 

The  coefficient= and sy~ibols  are defined as  follows: 

CD 

c, pitching-mament  coefficient 

i Twice pitching moment of.semlspan mdel about 
ssa 

c 
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E wing mean aer-c chord (M.A. C. ), 0.279 foot 

v free-stream velocfty, feet per  second 

P ~ E S  density of air, slugs per cubic  foot 

a angle of attack of wing chord line, degrees 

i incidence  of wing chord line with  respect to hull base Une or 
fuselage center l i ne  

R Reynold6 nmiber, based .on wing mean aerodynamic chord (PE/P) 

M 

b %Wice Wing span of semfspan model, 0.79 foo t  

P viscosity  coefficient,  slugs  per foot-second 

C local wing chard,  feet 

TESTS 

Test Conditions 

The tests  were  made on the E i d e - w a I J .  reflection  plane of the Langley 
high-speed 7- by 10-foot tunnel. The reflection  plane  is  located  about 
3 inches out from the tunnel wall (fig. 1) in  order to place the model 
outside  of t h e  tunnel-wall boundary layer. The aerodynamic  forces and 
moments on the model were. nasasured with an electrical  strain-gage  balance 
which was sealed in a cofitainer 0 ~ 1  t h e  tunnel side w a U  in order to 
prevent air flow around t he  model frdm the teat section to the outside 
t e s t  chaniber. Each d e l .  was fitted with a l - i nch  p l a t e  at  the plane 

OP sgmmetry (end plate, figs. 1 to 4) to minimize a i r f o i l  circdation 
that might develop throu& the small. gap  which  separated the model  from 
the reflectiqn plane. Because the plane of symnetry of a midwing- 
fuselage canibfnation  acts as an end  plate, no exposed end plate was 
neceasary  for the streamline  body-wing comblnatim (fig. 5) - A d l  
Sy~.~~trical end plate was used for the wing-dme condition and a Blllall 
root  fairing -6 Used in  addition to a8sure good flow at the wing leading 
edge. The root  fairing  consisted  of a half round body faired  into the 
win@ and the end p la t e  (fig e 1) . 

16 

The aerodynamic  characteristics  were  determined througb a Mach 
nuniber range from 0.48 to 0.99 and through a limited angle-of -attack 
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range between -lo and 4'. The variation of test Reynolds n W e r  with 
h c h  zlumber f o r  average test cmditione is presented in  f igure 7. The 
Reynolds nuniber is based on the wing mean aerodynamic chord and was 
computed by u8e of a turbulence  factor of unity. The degree of 
turbulence ofri;he tunnel is not- known but is believed to be small 
because of the large contraction  ratio of the tunnel. 

Corrections 

No jet-boundary, blocking,  or buoyancy corrections have been 
applied t o  the data because of the small size of the model as congared 
with  the size of the tunnel t e s t  section. The data were corrected for 
the tare drag of the end plate when present. The corrections were 
determined from unpublished data that give  the  effect of end-plate 
size and shape on the end-plate drag. These data were obtained for 
end plates  alone and do not, therefore, account for  the effe'ct of 
induced flow over. the end plate caused by the wing o r  hull as the case 
may be. 

The planing-tail  hull (hn&ey tank d e l  2-), t h e  streamline 
boQ, and the swept-hu (Langley tank m o d e l  237-6 SB) had the same 
proportions .as the large low-speed test--modela of references 2, 3,  and 4, 
respectively. Offsets for the reflection-plane W-models can be deter- 
mined fram the reference.s by  rrmltip1yin.g by the r a t io  OF the lengths of 
the reflection-plane models to   the law-speed models. Over-all dimnsians 
f o r  the half-hull and fuselage models incorporated on the lef t  wing 
panel of a 5 L 3 O  sweptback wing are presented i n  figures 2 t o  5. The 
swept h u l l  was also tested  with an extended leading edge which may be 
necessary on a f u l l - s d e  water-based airphne i n  order to   a l leviate  
the  structural problem of attaching the swept wing to the eueyt  hull. 
Offsets f o r  the extended leading edge of the swept hull, (fig. 4) are 
given- in table I. The blended. hull was similar t o  a configuration under 
development by the Carvsolidated Vultee  AfrcraftrCorporation. Offsets 
for  the blended hull are given in  table II. This  configuration will 
require a step (see fig.  2) for  satisfactory hydrodynamic performance. 
For these tests tho step was in   the retracted position. The hull, 
fuselage; and wing dimensions represent scale models of' 3b,'OOO-pound 
airplanes with wing loadings of about 34 pounds per square foot.  

The  volume^, Burface mew, frontal areas, and side areas for the 
complete huUe and fwelage are presented in table 111. 
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The hull  used i n  determining the voluma and areas of the blended. 
nodel was arbi t rar i ly  consfdered as that p o ~ i o n  enclosed by an exten- 
sion of the dead rise t o  the upper wing surPace 88 shown i n  s ta t ion A, 
figure 2. 
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The 51.30 sweptback w i n g  used in  this investig3tfcm had an aspect 
r a t io  of 2.92, .a taper r a t io  of about 0. 5, and an'NACA 651-012 airfoil 
section perpendicuLar to   the  50-percent-chord line. The WFng incidence 
was s e t  at  Oo on all models except for one t e s t  at 40 CHI the ewept hull 
t o  f ind the efjrect of wing incidence. The wing waa constructed of 
beryllium copper and the half-modele were msho@.ny. 

The drag and p i t c h i n g - n n t   c o e f f i c i e n t s  of the hulls and fuselage 
plotted against Mch rider &re $resented in figure 9 for U e s  of attack 
ranging from -10 t o  4'; t h e  drag, Ist, and pitching-moment coefficients 
f o r  several modifi+tions of the swept-hull model at 2O angle of attack 
are presented i n  figure 10. Figure LL eves  the drag-coefficient mi- 
ation and pitching-momant-ccefficient variation with angle of attack at 
lvkLch nlmibers of 0.80 and 0.95 for the  blended hull and the  streamline 
b e .  Figure 12 presents the aer-c characteristics of the planing- 
tail hull   in   pi tch at a m c h   n W e r  of appraimately 0.90. A l l  the hull  
and fuselage data presented.  include the f orces and moments of the 51.3 
sweptback wing. 

Although the drag 'coefficiente do not campare directly in etude 
because of limitations of this reflection-plane  setup, the values are in  
qualitative ajpeement with previously reported  inve6tie;ations  (references 2 
and 4) made at  low speed of large-scale models. For exanrple, at 2 O  angle 
of attack if ig.  9(c))  the drag of the streamline b d y  was less than that 
of the planing-tail hu l l  and the drag of the swept h u l l  was less than 
that of  Ghe streamline body, which agrees w i t h  the relative hull efff- 
ciancies of references 2 and 4. The U e r  volume (table III) of the 
swept hul l  accounted largely for i t s  lower drag. No comparison with 
past work could be made f o r  t he  blended hull  because it m a  not teated 
in the low-speed Investigation. 

Very l i t t l e  change in drag coefficient occurred  with Mach number 
up to 0.90 for  angles of attack ranging frcm -10 t o  2O f o r  most of the 
configurations  tested(fig8. 9 and 10); however, a rapid  bcrease in 
drag coefficient began for  the hulls above 0.90 Mach nmber. The st& 
of the  drag  rise f o r  the streamline body was deleyed to a elightly 
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higher Mach nmher, about 0.93, and  the ra te  of  increase wa8 lees than 
that of the h u e .  

A drsg r i s e  similar t o  that of the wing alone W&B indicated f o r  
the wept hull (figs. 9( c) and 10) with th0 wbg-root fair-. The 
wing-root fairing was a lso u89d for the wing-done candikian (f ig .   9(c))  
became .the wing-alone dreg r i s e  without the root..fairing occurred 
socmer and wae greater than expected  according t o  previous tes t s  of 
similar Mngs. It wa8 f e l t  that the  adverse  effects an drag were 
probably caused a8 a 'result  of end-plate  misalinamant.  Since this 
end-plate  canditim would not be present on a complete wing, it mi&t, 
therefore, be expected that the ewept-hull  canfiguration  incorporating 
th6 wing-root fairing more nearly  repreaepts the awe& hull than the 
configuration  xithout the fairing. 

Increasing  the wing incidence t o  bo on the swept hull  increaaed 
the drag coefficient over that of the Oo incidence  canfiguration through- 
out  the Mach number range tested and resulted in a  drag rise a t - a  lower 
Mach  number, 0.83 ( f ig .  10). However, on a complete model the drag r i s e  
may occur l a t e r  because of the probable  limitaticm of the setup for the 
swept hull without the wing-root fairing, a8 mentimed ear l ier .  Extending 
the hull  leading edge ( f ig .  4) resulted 'in an increase in drag coeffi- 
cient throughout the M a c h  number range'but affected  the drag r i s e  0d.y 
sligtl t ly.  

Very l i t t l e   va r i a t i an  in pitching-moment coefficient occurred with 
Mach  number for the hulls or  fuaelage at   the angles of attack  tested. 
The l i f t  strain gage waB not operating  throughout moet of the preeent - 
investigation; however, It is  believed that the  variaticm of l i f t  
coefficient w i t h  Mach number for  a l l  the hulls and fLiselage would be 
similar to the change shm in f i v e  10. 

The  minimum drag  coefficient at high Mach numbers for the streamline- 
body and blended-hull  configurations  occurred near Oo angle of attack 
( f ig .  11). The drag coefficient  for the planing-tail hull ( f ig .  12) was 
a la0  minimum n e a r . - O O  engle of attack and was less steep  in-varrlatian  with 
angle of attack than either the atreamline body or  blended hull ,  probably 
resulting f r o m  thB amaller beam of. the  planing-tail hull. Longitudinal 
stabi l i ty  a8 shown  by the pitching-mament curves of figure 11 W&B 
inherent in the vim-fuselage ccmibination. The blended hull W&B neu- 
t r a l l y  stable in the positive  angle-of-attack range at-25 percent me811 
aerodgnamfc chord, the  center of moments for  the  presene-teste. Onlg 
mall changes in langitudinal  stability with Mach nmber were noted fo r  
the fuselage and blended-hull  configuratiana. The longitudinal s tabi l i ty  
a t  a Mach number of 0.9 of  the planing-tail hull ( f ig .  12) i e  about the 
8- a8 that of the blended hull  a t  Mach numbers of 0.8 and 0.95 ( f i g .  11) . 

I, 
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The results of the present hul l  inves t i s t ian ,  using reflection-plane 
half-models, show quaUtative agreement as to   re la t ive  hull efficiency 
with previously  reported low-spsed investig%tione of Large-scale models. 
The drag-coefficient  vaziation and pitching-mmnt-coefficient variation 
with mch n&er for the hulls an3 xdng were satisfactory  in-that drag 
rise was delayed t o  high-subsonic Wch nunibere and there WBB very l i t t l e  
change in  pitching moment with mch nuniber. These coefficient  variations 
fo r  the hulls and wing were similar to  the  coefficient  variations of the 
fuselage sand wing; thus,  the problem of designing a high-speed seaplane 
will probably be very little different aerodynamically from that  of the 
landplane. 

Langley Aeronautical L&oratOry 
National Advisory Comfittee for Aeranautics 

Langley Air Porce Base, Va. 
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I 

L Streamline body 

Volume 
(cu in.) 

29.82 

15 75 

16.27 

14.08 

19 07 

ahtermbed w i t h  dead rise extended to upper wing Burface (eee fig. 2). 
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- 
C enter of moments, -25 M. A.C. 

I" - wing-alone 
'6 end plate L'' reflection plane 

I 

3 8 

Reflection plane 

Figure 1.- Arrangement of the wall reflection plane in the  Langley. hi&- 
epeed 7- by l s f o o t  tunnel; wing alone. - 
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F l w e  3.- Linea of reflectlowplane d e l  of planb@aIl hul l .  
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Maximum radius, .83" 

Typical section 

15.00" \ 

5.42" 

1.91" Center of moments,25 MAC 
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'Wing root section 

Figure 5.- LIneo of stremiline-body re f lec t lopplane  &el.. 
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Ff@;ure 6.-.Wind-~txes. Pqaitive d i r e c t h m  o f .  forces, moments, and 
angles axe indicated by arrows. -. 
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Figure 8.- Continued. 
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Figure 8.- Concluded. - 
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Ffgure 9.- Variation with BLch number of tbe drag coefficient and 
pitch-ment coefficfent for 8everaI hull types and a 
etreamline body wfth 8 51,3O meptback wing. - 
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Figure 9.- Continued. - 
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0 Swept hul l  with extended leading edge 
Swept hull 

A Swept hull, I = 4 O  

0 Swept hull mth wing mot fairing 
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Figure 11.- Aerodynamic ch&racterist&cs in pitch of a blended hu l l  model 
and a stremilhe bo&y with a 51.3 eweptback w i n g  at hhch llumbers 0.80 
and 0.95. - 
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Figure 12.- Aerodynamic- chaxacteristics of pking-tail hull w l t h  a 
51.3O Bweptback w i n g  in  pitch; M FcT 0.90. - 




